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Abstract 

The microbial conditions and antimicrobial activity were determined in batch cultures of two microalgae species, Tetraselmis 
chuii and Chlorella minutissima. The number of bacteria associated with the microalgae cultures showed an exponential growth 2, 
10, and 16 days after inoculation, and they were higher in T. chuii in all three sampling points compared with C. minutissima. No 
presumptive Vibrio strains were observed in any of the samples, as measured by the growth on TCBS agar. A total of 17 and 30 
bacterial strains were isolated from C. minutissima and T. chuii, respectively. A high percentage of Gram-positive strains was 
detected among the bacterial strains isolated, as Gram-positive strains constituted 82% (14/17) and 73% (22/30) of the total 
numbers of isolates in C. minutissima and T. chuii, respectively. The isolated bacteria were screened in vitro for inhibition against 
two pathogenic strains, and nine of the 34 strains tested (26%) showed inhibition in vitro against either Photobacterium damselae, 
susp. piscicida or Vibrio anguillarum. Incubation of enriched Artemia in cultures of the two microalgae for 30 min resulted in a 
significant decrease of the bacterial load in Artemia (P<0.05), and a significant decrease of the level of presumptive Vibrio in 
Artemia homogenates (P<0.05). The results of this study demonstrate a simple and practical approach to decrease the microbial 
load and at the same time reduce the percentage of Vibrio among the bacteria associated with enriched Artemia. 

© 2005 Elsevier B.V. All rights reserved. 


1. Introduction 

Microalgae are commonly used in the rearing of 
marine fish larvae. They are either added directly to the 
water in the rearing tanks, when applying the “green 
water” technique (Reitan et al., 1997), or used as food 
for rotifers. Addition of microalgae often has a positive 
effect on the survival rates of fish larvae (Oie et al., 
1997) and on the species-composition of the gut 
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microbiota of the larvae by lowering the numbers of 
opportunistic bacteria (Salvesen et al., 1999). In rotifer 
cultures, use of microalgae leads to a decrease in 
numbers of bacteria associated with the rotifers, when 
compared with cultures fed yeast-based diets (Oie et al., 
1994). 

Artemia nauplii and metanauplii are commonly used 
as live food in the rearing of marine fish larvae. During 
the hatching and enrichment processes, the numbers of 
bacteria in Artemia increase exponentially (Austin and 
Allen, 1982; Ritar et al., 2004). The bacterial microbiota 
associated with enriched Artemia metanauplii may 
harbour bacteria deleterious to the fish larvae, as the 
proportion of Vibrio bacteria in Artemia metanauplii 










constitutes more than 50% of the total count of aerobic 
heterotrophic culturable bacteria (Olsen et al., 2000; 
Ritar et al., 2004). During the early development of the 
larvae, there is in an exponential proliferation of bacteria 
in the fish gut, caused mainly by the bacteria associated 
with live food (Makridis et al., 2000a). High mortalities 
in intensive rearing of marine fish larvae could be partly 
explained by the increased number of opportunistic 
bacteria which proliferate in the fish gut during this 
critical period (Olafsen, 2001), so control of the 
bacterial communities present in the live food could 
lead to higher survival rates and a more predictable 
outcome for the hatcheries. In the culture of flatfish 
species, it is a common practice to use frozen and 
thawed enriched Artemia metanauplii, which are thus an 
easy prey for post-larvae that have settled to the bottom 
of the tank (Imsland et al., 2003). If the Artemia added to 
the tanks have a high bacterial load, it is probable that 
after thawing the bacteria associated with Artemia may 
proliferate and have deleterious effects on the fish. 

A strategy to modify the microbiota of Artemia was 
suggested by Makridis et al. (2000b), which included 
short-term incubation of Artemia in high concentration 
suspensions of bacteria innocuous to the fish larvae. 
However, several other approaches have been suggested 
for the control of the bacteria present in the Artemia, 
such as use of probiotics in rotifer cultures, formalde¬ 
hyde, and incubation of Artemia in microalgae cultures; 
an approach that has been tested in cultures of juvenile 
Artemia (Olsen et al., 2000; Gatesoupe, 2002; Vilamil et 
al., 2003). Antimicrobial activity of microalgae cultures 
has been shown in earlier studies (Duff and Bruce, 1966; 
Austin et al., 1992). This antimicrobial activity could be 
explained by the bacteria present in the microalgae 
cultures (Dopazo et al., 1988), or by antimicrobial 
substances produced by the microalgae cells (Marshall 
et al., 2005). 

The aims of this study were fourfold: (i) Isolate 
representative bacterial strains of the culturable aerobic 
microbiota in cultures of two microalgae species, 
Tetraselmis chuii and Chlorella minutissima, and 
measure the total bacterial load in different phases of 
batch cultures, (ii) Determine some basic phenotypic 
characteristics of the bacterial strains isolated and their 
capacity to inhibit in vitro pathogenic bacterial strains, 
(iii) Evaluate the effect of short-term incubation of 
enriched Artemia metanauplii in microalgae cultures on 
the microbial load of Artemia and (iv) Measure the 
bacterial content in frozen and thawed Artemia, which 
have been previously incubated in microalgae, to 
simulate the conditions during feeding of flatfish larvae 
with frozen Artemia. 


2. Materials and methods 

Two microalgae species were used in this study, T. 
chuii and C. minutissima, which were kindly provided 
by Dr. Luis M. Lubian, Instituto de Ciencias Marinas 
de Andalucia, Spain and Dr. Pascal Divanach, 
Hellenic Center for Marine Research, Greece, respec¬ 
tively. The microalgae were cultivated in F/2 medium 
(Guillard and Ryther, 1962) in five-litre cylindrical 
containers. Seawater in the medium (salinity 33 ppt) 
was previously sterilized by chlorination overnight 
with NaOCl (0.5 ml 1 1 ) and then de-chlorination for 
3-4 h with sodium thiosulfate pentahydrate (0.3 g l -1 ). 
The cultures were kept under constant illumination and 
aeration at 20-22 °C. Samples were taken 2, 10, and 
16 days after inoculation to isolate representative 
bacterial strains of the culturable, aerobic microbiota of 
the microalgae cultures. Fifty ml of each culture were 
shaken vigorously and then centrifuged for 10 min at 
3200 xg to remove the microalgae cells. The super¬ 
natants and their 10-fold dilutions were plated in 
Zobell’s marine agar (Zobell, 1946) and thiosulfate 
citrate bile salt (TCBS) agar dishes (Difco Laboratories, 
Sparks, MD, USA). The dishes were incubated at 20 °C 
for 7-10 days, the numbers of colony-forming units 
(CFU) were counted, and representative colonies from 
all samples were selected, based on the different colony 
characteristics (colour, shape, size, and timing of 
appearance). These colonies were sub-cultured to purity 
and stored in tryptic soy broth added 2% NaCl (TSBS) 
and 30% glycerol at -80 °C. Several biochemical tests 
were run to obtain some basic characteristics of the 
strains isolated (Smibert and Krieg, 1994): Gram 
staining, fermentation, oxidase, catalase, growth in 
Na + -deficient medium, growth in TCBS, and detection 
of arginine, lysine and ornithine decarboxylase and 
amylase activity. 

The isolated bacteria were screened in vitro for 
inhibition against two pathogenic strains using a double¬ 
layer approach previously described by Dopazo et al. 
(1988). The pathogenic strains used were Photobacter¬ 
ium damselae susp. piscicida, CECT 5895, and Vibrio 
anguillarum CECT 522 provided by the Collection 
Espanola de Cultivos Tipo (CECT). The identity of the 
pathogenic strains was verified by use of API-20E 
identification kit (Biomerieux Inc., Marcy l’Etoile, 
France). Briefly, the bacteria tested were first inoculated 
in TSBS, after two days, a 10 pL drop was transferred to 
the centre of a plate with tryptic soy agar supplemented 
2% NaCl (TSAS), which was then incubated for 2-3 
days at 20 °C. When colonies appeared, the dishes were 
exposed to chloroform vapour for 20 min, and a second 


layer of semisolid TSAS (8 g agar 1 1 of tryptic soy 
broth supplemented with 2% NaCl), in which the 
pathogenic strain had been previously inoculated, was 
poured on each plate. Each test was run in duplicate and 
inhibition was considered positive only if a clear zone 
area was apparent in both duplicates. 

Metanauplii of Artemia franciscana, hatched from 
decapsulated cysts (Sorgeloos et al., 1977) and enriched 
18 h with 300 ppm Rich Advance (Rich, Greece), were 
used to determine the effect of incubation in microalgae 
on the microbial load of enriched A. franciscana 
metanauplii. A. franciscana metanauplii were incubated 
in cultures of T. Chuii or, C. minutissima, or seawater 
(control for 30 min at room temperature (20-22 °C). 
The density of microalgae used in this experiment was 
2*10 6 and 5 X 10 7 cells ml 1 for T. chuii and C. 
minutissima, respectively. The metanauplii were then 
stored at -20 °C for two days. Approximately 2 g of 
thawed metanauplii were transferred to Petri dishes with 
filtered seawater for 1 h. Microbiological samples were 
taken from live Artemia metanauplii after incubation in 
microalgae (or seawater), and from thawed Artemia 
metanauplii incubated in filtered seawater after one h. In 
each case, 10 metanauplii were homogenized in 2 ml of 
sterile 80% seawater and 10-fold dilutions of this 
homogenates were plated on agar dishes with Zobell’s 
marine agar and TCBS medium. The dishes were stored 
at 20 °C, and the numbers of CFU were counted daily 
for 7-10 days. 

One way ANOVA was used to compare data, and if 
the test showed significant F values, Tukey’s test was 
used for the multiple comparisons. Statistical analyses 
were run using the software program STATGRAPHICS 
Plus 5.0. 

3. Results 

High numbers of CFU were detected in supernatants 
from cultures of both microalgae species used (Fig. 1). 
The numbers of bacteria associated with the microalgae 
cultures showed an exponential growth during the 
experiment and they were higher in T. chuii in all 
three sampling points compared with C. minutissima. 
No growth of bacteria was observed, however, in 
samples plated on TCBS medium. 

A total of 17 and 30 bacterial strains were isolated 
from C. minutissima, and T. chuii, respectively. A high 
percentage of Gram-positive strains were detected 
among these isolates (Table 1), which constituted 82% 
(14/17), and 73% (22/30) of the total numbers of 
isolates in C. minutissima and T. chuii, respectively. All 
strains isolated at the first sampling point (2 days after 



Days after inoculation 

Fig. 1. Numbers of CFU ml 1 (±SE, n=2) in supernatant from cultures 
of C. minutissima and T. chuii after 2, 10, and 16 days after 
inoculation. 

inoculation) from both microalgae species were Gram¬ 
positive. 

Nine of the 34 strains tested (31%) showed inhibition 
in vitro against either of the two pathogenic strains. Four 
of these strains were isolated from C. minutissima and 
five from T. chuii cultures. Of those nine bacterial strains 
that showed inhibition, five strains were Gram-positive 
and four were Gram-negative (Table 1). 

The numbers of CFU in homogenates of Artemia 
incubated in microalgae cultures were significantly 
lower (P<0.05) than those of CFU in homogenates of 
Artemia from the control treatment (Fig. 2). Similarly, 
the numbers of CFU in Artemia homogenates after the 
simulation experiment were significantly lower 
(P <0.05) in the treatments incubated in the micro¬ 
algae compared with seawater. The differences in CFU 
in all cases between the two treatments with micro¬ 
algae were not significant (P>0.05). The numbers of 
CFU in TCBS were higher in the control group, 
compared with the treatments incubated in microalgae 
cultures. The percentage of presumptive Vibrio, as 
calculated from the numbers of CFU in Artemia 
homogenates plated on TCBS and TSBS in C. 
minutissima, T. chuii and seawater, were 0%, 32% 
and 40%, respectively. 

4. Discussion 

The numbers of CFU ml” 1 in the microalgae 
supernatants indicated that there was an increased 
proliferation of bacteria in the microalgae cultures 
during the stationary phase (10 and 16 days after 
inoculation) in comparison with the exponential phase 
(2 days after inoculation). Similar results have been 
obtained with batch cultures of six different microalgae 







Table 1 

Basic biochemical tests for phenotypic characterization of the bacterial strains isolated and inhibition against P. damselae (P) and V. 
anguillarum (V) 


Isolate 

Source 

d 

Gram 

Oxidase 

Catalase 

Na + 

O/F 

TCBS 

A 

L 

o 

Amylase 

Inhibition 

3T1 

Chlo 

2 

+ 

- 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

nd 

3T2 

Chlo 

2 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

nd 

None 

3T3 

Chlo 

2 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

nd 

3T4 

Tetra 

2 

+ 

- 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T5 

Tetra 

2 

+ 

- 

+ 

+ 

F 

w 

+ 

+ 

+ 

w 

None 

3T6 

Tetra 

2 

+ 

- 

- 

+ 

I 

- 

+ 

+ 

+ 

- 

V 

3T7 

Tetra 

2 

+ 

w 

- 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T8 

Tetra 

2 

+ 

+ 

- 

+ 

I 

- 

+ 

+ 

+ 

- 

p 

3 T9 

Tetra 

2 

+ 

+ 

nd 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T10 

Tetra 

2 

+ 

+ 

+ 

+ 

I 

w 

+ 

+ 

+ 

- 

None 

3T11 

Tetra 

2 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T12 

Tetra 

2 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

w 

- 

None 

3T13 

Tetra 

2 

+ 

- 


+ 

I 

- 

nd 

nd 

nd 

- 

nd 

3T14 

Tetra 

2 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T15 

Chlo 

10 

+ 

- 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

nd 

3T16 

Chlo 

10 

+ 

- 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

nd 

3T17 

Chlo 

10 

+ 

- 

+ 

+ 

nd 

- 

+ 

+ 

+ 

- 

None 

3T18 

Chlo 

10 

+ 

- 

- 

+ 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

3T19 

Chlo 

10 

+ 

+ 

+ 

+ 

i 

- 

+ 

+ 

+ 

- 

p 

3T20 

Tetra 

10 

+ 

- 

+ 

+ 

O/F 

- 

+ 

+ 

+ 

- 

None 

3T21 

Tetra 

10 

+ 

- 

+ 

+ 

F 

- 

+ 

+ 

+ 

- 

nd 

3T22 

Tetra 

10 

+ 

- 

+ 

+ 

F 

- 

+ 

+ 

+ 

- 

None 

3T23 

Tetra 

10 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T24 

Tetra 

10 

- 

+ 

+ 

- 

F/O 

- 

+ 

+ 

+ 

- 

V 

3T25 

Tetra 

10 

- 

w 

+ 

- 

F 

- 

+ 

+ 

+ 

+ 

p 

3T26 

Tetra 

10 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 

+ 

None 

3T27 

Tetra 

10 

- 

w 

+ 

- 

I 

- 

+ 

+ 

+ 

+ 

nd 

3T28 

Tetra 

10 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 

- 

None 

3T29 

Chlo 

10 

+ 

- 

w 

+ 

I 

- 

+ 

+ 

- 

- 

None 

3T31 

Chlo 

10 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 

- 

None 

3T33 

Chlo 

10 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 

- 

V 

3T34 

Tetra 

16 

+ 

+ 

+ 

+ 

F 

w 

+ 

+ 

- 

+ 

nd 

3T35 

Tetra 

16 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 

+ 

V 

3T36 

Tetra 

16 

+ 

+ 

+ 

+ 

F 

- 

+ 

+ 

+ 

- 

nd 

3T39 

Tetra 

16 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 

- 

None 

3T40 

Tetra 

16 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T41 

Chlo 

16 

+ 

+ 

+ 

+ 

F 

- 

+ 

+ 

+ 

- 

V 

3T42 

Chlo 

16 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T43 

Chlo 

16 

+ 

+ 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

nd 

3T44 

Tetra 

16 

+ 

+ 

+ 

+ 

F 

- 

+ 

+ 

+ 

- 

None 

3T45 

Tetra 

16 

+ 

nd 

- 

+ 

I 

- 

+ 

+ 

+ 

- 

None 

3T46 

Tetra 

16 

- 

w 

+ 

- 

I 

- 

+ 

+ 

+ 

+ 

None 

3T47 

Tetra 

16 

+ 

- 

+ 

+ 

I 

- 

+ 

+ 

- 

- 

nd 

3T49 

Chlo 

16 

+ 

w 

+ 

+ 

I 

- 

+ 

+ 

+ 

- 

nd 

3T50 

Chlo 

16 

- 

+ 

+ 

- 

I 

- 

+ 

+ 

+ 


None 

3T51 

Chlo 

16 

+ 

+ 

+ 

+ 

F 

- 

+ 

+ 

+ 


v, P 

3T52 

Tetra 

16 

+ 

+ 

nd 

+ 

nd 

- 

+ 

+ 

+ 


None 


Chlo: Chlorella minutissima, Tetra: Tetraselmis chuii, I: inert, F: fermentation, O: Oxidation, w: weak reaction, plus sign in Na + column indicates that 
a bacterial strain grew in the absence of Na + ions, whereas plus sign indicates oxidase, amylase and catalase activity in the respective columns; A, L, 
and O indicate arginine, leucine and ornithine decarboxylase, nd: not determined. 


species by Salvesen et al. (2000), where higher 
concentrations of bacteria were associated with micro¬ 
algae cultures in the stationary phase compared with the 
exponential phase. Despite the large increase in the 


bacterial load of the cultures, no growth of presumptive 
Vibrio was observed in TCBS agar, although members 
of this group are ubiquitous in the marine environment 
(Rheinheimer, 1977). The lack of presumptive Vibrio 






Live-Zobell Live-TCBS Thawed-Zobell Thawed-TCBS 


Fig. 2. Numbers of CFU per Artemia in homogenates of live and 
thawed Artemia plated in Zobell’s marine agar and TCBS medium. 
Columns assigned unlike letters at each sampling indicate differences 
between the three treatments. 

among the dominant strains indicated that some factors 
might have inhibited their growth in the microalgae 
cultures. Such inhibitory mechanisms may include 
bactericidal action or competition of other bacterial 
populations associated with the microalgae or produc¬ 
tion of antimicrobial substances by the microalgae cells. 
Antimicrobial activity has previously been demonstrat¬ 
ed in cultures of Tetraselmis suesica (Austin et al., 1992) 
and C. minutissima (Katharios et ah, 2005), although the 
mechanisms of action of this antimicrobial activity have 
not been determined. 

Many Gram-positive bacterial strains were detected 
in the cultures of the two microalgae species. This could 
mean that any possible antimicrobial activity might have 
been selectively directed against Gram-negative bacte¬ 
rial strains only. A significant proportion (9 / 34) of the 
strains tested from the bacterial strains isolated from 
cultures of the two microalgae species showed inhibi¬ 
tion in vitro against bacterial pathogens of fish. Results 
from in vitro experiments cannot, however, be extrap¬ 
olated to explain the microbial condition found in the 
microalgae cultures. It has been shown that such 
inhibition in vitro of pathogens does not necessarily 
correspond to any significant effect in routine culture 
conditions (Gram et al., 2001). 

The effect of the short-term incubation of Artemia 
metanauplii in microalgae cultures on the nutritional 
value of metanauplii was not determined. Nevertheless, 
since the gut of the Artemia metanauplii is emptied of 
their content in oil-emulsion and filled with algae, the 
HUFA content of Artemia had probably decreased after 
the incubation in microalgae. 

The results of this study demonstrated a simple 
approach to decrease the microbial load and at the same 


time reduce the percentage of Vibrio among the bacteria 
associated with enriched Artemia. This is of practical 
importance for marine fish hatcheries because of its 
simplicity and, in most cases, because marine hatcheries 
have access to microalgae such as T. chuii and C. 
minutissima. Addition of probiotic in live food cultures 
could be an alternative, but it requires addition of 
probiotics during the enrichment process in very high 
numbers of bacteria (10 8 —10 10 cells ml -1 ) to have a 
significant effect on the bacterial load of the Artemia 
(Gatesoupe, 2002; Vilamil et al., 2003). This high 
demand in live bacterial cells makes this approach 
difficult to implement in practice. Similar results to our 
study have been observed in juvenile Artemia incubated 
in microalgae for 4 h (Olsen et al., 2000). It was shown 
here, however, that a much shorter period is sufficient to 
reduce the bacterial load in Artemia metanauplii. 
Several species of microalgae of six different classes 
produced superoxide (Marshall et al., 2005), so the 
production of superoxide might explain the bactericidal 
effect of the microalgae in cultures of Artemia shown in 
our study. 
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